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The score on a reading literacy test of 15 years old Italian students is here analyzed. The data 
depict a fracture in the Italian school system. By means of quantile regressions and by 
repeatedly implementing a quantile regression based test for structural break, computed in 
different sub-samples and at various quantiles, one can pin down the determinants of the gap 
and rank them. We find that the difference in curricula is the main factor in explaining the gap 
in the students scores; that the regional difference is linked to structural and behavioral 
variables, like poor library facilities and students absenteeism, both mirroring the economic 
lag of the southern Italian regions. In terms of policy actions, curbing absenteeism in the 
south can reduce the regional gap. If instead the target is to enhance excellence, funds should 
be directed toward academic track, public schools, north-centre regions. 
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 1. Introduction 
 
Quantile regressions (QR) allow to compute the impact of the explanatory variables at 
different points of the conditional distribution of the dependent variable, thus providing a 
more thorough and detailed analysis than OLS, which instead investigates the relationship 
among variables only at the conditional mean. With QR it is possible to consider the lower or 
the upper quantiles
1 and uncover at each quantile the most appropriate policy to reach the 
chosen target.  
This motivates our choice of quantile regressions to analyze the score on a reading 
literacy test of the PISA (Program for International Student Assessment) survey in the year 
2000. The survey randomly samples 15 years old students from different classrooms in 
schools of 32 European nations, to take a 3 hours test on reading ability. We select the Italian 
data, referring to a sample of 4984 students from 172 different schools: private and public; of 
small, medium and large size; from technical, vocational and academic track.
2 The score of 
the reading test, standardized to a mean of 500 and a standard deviation of 100, provides the 
dependent variable. The outcome of the test reflects the productivity of the Italian school 
system for the 15 years old students, i.e. for the secondary school.
3 The set of independent 
variables that we take into account excludes family background variables, since we focus on 
the productivity of the institution more than on the social characteristics of the interviewed. 
The regressors are gender, a dummy variable which is equal to one for boys; geographical 
area, a dummy variable taking a unit value for the southern regions; school track, which 
distinguishes academic and technical curricula from the vocational one; achievement 
pressure, to measure the student perception of teachers urging to improve his/her 
performance, and ranges from -4.35 to 2.75; a dummy variable which takes a unit value for 
private schools; poor library facilities, which comprises the following four categories: no lack 
of instructional materials, a little lack, some, a lot; student absenteeism, with the four 
categories: not at all, a little, some, a lot. We include among the explanatory variables 
                                                           
1 A classical example is provided by stock decisions, which are better analyzed by quantiles than by 
averages.  Stock needs to be increased if its level is at the lower quantiles, while it needs to be reduced if its 
level is at or above the upper quantile. 
2 Further information on the survey can be found at http://www.pisa.oecd.org/. 
3 Since in some countries school is not mandatory at age 15, the international analysis of this data set 
involves a self-selection problem. However, even for those countries where school is mandatory at 15, there still 
  2achievement pressure to mirror perceived teachers behaviour; poor library facilities to proxy 
school equipments and infrastructures; students absenteeism to model students attitude toward 
school.
4 Table 1 reports the summary statistics of the selected variables. 
The OLS results, covering a set of n=4781 observations, are reported in the first column 
of Table 2.
5 The estimated coefficients are all statistically different from zero. Students in the 
southern regions are less proficient than in the north-centre; boys are not as proficient as girls; 
both technical and academic track improve upon the vocational curriculum with the technical 
track, not surprisingly, scoring less than the academic one in reading literacy; private schools, 
student absenteeism, poor library facilities and achievement pressure have a negative impact 
on the score.
6  
However school performance differs across quantiles: it is higher for some groups of 
students and lower for others, reflecting the influence on proficiency of unobservable 
variables, like talent, or ability to answer the test, or family background, et cetera. A response 
changing according to the different levels of the conditional distribution is better analyzed by 
quantile regressions so that, depending on the chosen target, one can intervene at the lower or 
at the upper quantiles, or at the median to improve score.  
Therefore we estimate the same regression at five different quantiles: 10%, 25%, 50%, 
75%, 90%. The results, reported in Table 2, are summarized in Figure 1. The straight lines 
represent the OLS coefficients, while the kinked lines show the variation of the quantile 
regression coefficients as estimated at the different quantiles. The impact on the score of the 
reading literacy test of each regressor changes according to the different quantile analyzed, 
that is to the different score level, thus causing kinks in the graphs. For instance, students in 
the south are less proficient than those in the north-centre regions, and more so for the high 
performing students. Boys are less productive than girls, particularly at the median. The 
coefficient of achievement pressure has a negative impact for low proficiency students while 
becomes close to zero and with low student-t values at the top quantiles, for the top scoring 
                                                                                                                                                                                     
is a self selection problem due to drop out students which in some areas, like the Italian southern regions, are not 
in a small number. 
4 Many other studies in this field have analyzed in depth family background variables, school equipment 
availability, social and economical conditions. We select only few proxies for school equipment and social 
conditions since the introduction of too many explanatory variables would hinder the investigation of their 
specific impact at the different quantiles.  
5 The sample is slightly smaller due to missing values in some of the explanatory variables of the 
equation.  
6 Italian private schools are mostly remedial schools. 
  3students. Productivity of private schools decreases in going from low to upper quantile and 
becomes quite bad for the best students. The effect of poor library facilities is somewhat 
mitigated at the upper quartiles. The negative impact of absenteeism is stronger at the lower 
quantiles, while students at the upper quantiles are less affected by its negative influence. The 
academic track yields better performances than the technical track at all quantiles, and they 
both improve upon vocational curricula. 
If the target is to improve the performance of the low scoring students, we should focus 
on absenteeism, library facilities and achievement pressure. If, on the other hand, we seek to 
enhance top scoring individuals we should take steps at the upper quantiles and focus on 
public schools, on the academic track, on the north-centre regions, on girls.  
In the following section we estimate this equation in different sub-samples, to check if 
there is any evidence of changes in the structure of the estimated equation and to find and 
rank the factors that can better explain such a change.  
 
2. Structural breaks 
 
We take advantage of the detailed analysis allowed by QR to implement, at different 
quantiles, a test for structural break.
7 Indeed we compute the standard Chow test (1960) 
relying on QR in place of OLS estimates.
8 The QR based test allows to verify not only the 
presence of a break but also at what level of the dependent variable such break is more 
effective. This is an important advantage over the OLS based test for structural break. Indeed 
with QR it is possible to control if the equation is stable at the mean of the dependent variable 
but unstable at the lower or/and at the upper quantiles. We do find a similar case in our 
analysis, where the effect of a break in the upper tail is balanced by an opposite reaction of 
the coefficients at the lower tail, so that the OLS based test does not signal the existence of a 
structural change at the mean. The QR test instead signals the presence of a break in the tails 
                                                           
7 The test for structural breaks compares the null and the alternative models, where the null assumes 
stability, and the alternative allows the regression coefficients to change after the break. The sample is split into 
two sub-groups and the test verifies if the estimates in the two sub-sets differ from the results computed in the 
entire sample. Under the null of constant coefficients one equation is estimated using the full sample. Under the 
alternative of structural break two different equations, one before and the other after the break, are estimated. 
The test compares the value of the objective function under the null and the sum of the values of the two 
objective functions computed under the alternative. It relies on the increase of the objective function and the 
worsening of the fit when unnecessary constraints are imposed. More technical details are left to the Appendix. 
  4and, by tracking the behavior of the estimated coefficients across quantiles, it is possible to 
uncover the response - increasing or decreasing across quantiles - of the regression 
coefficients to the break. 
In addition, we implement the test for structural break in a quite unusual approach. We 
look for many different criteria to split the sample, checking the contribution of each 
explanatory variable to the break and ranking it according to the estimated value of the test. 
To compute the unconstrained model we dichotomize each regressor, consequently splitting 
the sample and repeatedly implementing the test as many times as the number of explanatory 
variables. The variable causing the highest estimated value of the test is the strongest 
contributor to the break. Furthermore, the various estimates of the unrestricted model provide 
useful information on the interactions among regressors that helps selecting the most effective 
policy at a given quantile and that cannot be unveiled otherwise.
9 By splitting the sample 
according to all the possible criteria not only we find the variables that provide the greater 
contribution to the break, but we also know at which quantile such contribution is more 
relevant, in order to select the appropriate measure to enhance or curb the break.  
We find that by far the largest contribution to the break is given by the selected 
curriculum, vocational, technical or academic track, with academic scoring higher than 
technical and vocational track.  
The other contributors are ranked differently by the OLS and the QR tests. Indeed, if 
we look at the OLS results gender is almost as responsible for the break as curricula, 
followed, at a great distance, by the regional variable. This is a rather comfortable result, 
stating that the break has a natural origin. If we look at the QR results, instead, after curricula 
follows the regional gap and then, at some distance, the gender gap. A large regional gap, 
instead, is not at all natural and calls for policy intervention.  
We find that the regional structural break, north-centre versus south, is driven by 
absenteeism, by poor infrastructures, by the low quality of private schools, and this result is 
particularly relevant from the lower quantiles up to median, i.e. for the less committed 
students. Absenteeism could be related to lower expectations about the labor market, which is 
                                                                                                                                                                                     
8 Furno (2007) provides a Monte Carlo study to verify the behavior of the QR based test for structural 
breaks. 
9 Although the interactions among regressors can be estimated by the correlations, the latter are based on 
the distance from the mean. QR can investigate the strength of the links at different quantiles to find where 
intervention is more appropriate or is more effective.  
  5characterized by higher unemployment rates in the southern regions. With respect to 
infrastructures, Bratti et al. (2007) find evidence that lower resources greatly accounts for the 
regional gap in the score of a math test. The public opinion is oriented to link the 
geographical gap to a generally poor quality of the southern schools. Quite to the contrary, we 
find that technical and academic track in the southern public schools are more proficient than 
in the rest of the country at all quartiles. The low quality of southern schools can be limited to 
the vocational track and to the private schools. 
The gender difference is strongly related to a different response to behavioral 
variables like student absenteeism and teacher achievement pressure, both of little relevance 
in the male population while significantly different from zero in the women subset.  
The distinction between public and private schools seems irrelevant when 
implementing the OLS based test, while we find that it is statistically significant at all 
quantiles. Poor infrastructures, represented by the poor library facilities variable, cause a 
larger gap at the lower quantiles, showing a greater damaging effect on the low scoring 
students, and we find an analogous impact for absenteeism, which has a larger impact at the 
low proficiency levels. 
In the following sections we will analyze in depth the impact of each variable on the 
students reading literacy score. 
 
3. North-centre versus south   
 
A check on the presence of structural changes involves the comparison of the same equation 
estimated in two different sub-samples and a first possible partition of the data set is by 
geographical areas. We separately estimate the same equation for the north-centre, with 
na=2728, and for the southern regions, where nb=2053. The results are reported, respectively, 
in Table 3 and 4, while Figure 2 and 3 present the graphs of the OLS and QR estimated 
coefficients. The impact on the dependent variable of technical and academic tracks is higher 
in the south, thus revealing their higher productivity in the southern regions. But private 
schools and absenteeism have quite a large influence in the south, particularly at the low 
quantiles, offsetting the previous beneficial result. In the north-centre regions, instead, the 
absenteeism coefficient is small and not statistically different from zero at all quantiles. Thus 
students absenteeism is among the factors explaining the difference in performance between 
  6southern and north-centre schools. As mentioned, disaffection to school can mirror low 
expectations with respect to the labor market, which is substantially less dynamic in the south. 
The graphs in Figure 2 and 3 show that the behavior of all the coefficients across quantiles is 
very different in the two sub-samples, with the sole exception of the library coefficient which 
has a similar pattern in both regional areas. We then implement the test for structural break to 
verify if the behavior in the sub-samples differs from the constrained model. The first row of 
Table 17 reports the values of the tests for structural change due to geographical region. The 
results reject the null of equality of the coefficients across regions, with both the OLS and QR 
based tests. The values of the QR tests are comparable across quantiles, with the smallest 
discrepancy between constrained and unconstrained estimates occurring at the first quantile 




Next we analyze the technical and academic track difference. The sample is split according to 
the school program, and the unrestricted model is estimated separately in the two sub-samples 
with respectively nc=1866 and nd=1754 observations.
10 The results are reported in Table 5 for 
the technical and in Table 6 for the academic track. The gender coefficient in the academic 
track is small and not statistically different from zero, while in the technical track the private 
school and the student absenteeism coefficients do not differ from zero. Figure 4 and Figure 5 
describe the behavior of the coefficients at the different quantiles. Only the graphs for 
achievement pressure and for private school coefficients have a similar pattern in the two sub-
samples, the former increasing and the latter decreasing across quantiles. The other 
coefficients have instead an opposite behavior in the two sub-samples. The tests for structural 
change between these curricula, reported in the second row of Table 17, assume high values 
in all the columns, signaling the widest discrepancy at the lower quantile. Thus the tests 
strongly reject the null of constant coefficients throughout, no matter what is the students 
score in reading literacy. Actually, these are the highest values computed in Table 17, 
showing that the choice between technical or academic curricula is the most effective in 
determining the discrepancy in the score of the test.  
                                                           
10 The reduced number of observations is due to the temporary exclusion of vocational schools from the 
analysis. 
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  85. Gender 
 
The gender variable splits the sample into ne=2324 boys and nf=2457 girls. The estimates in 
the two sub-samples are in Table 7 and 8. Achievement pressure and student absenteeism do 
not seem to matter for boys, while they are statistically different from zero for girls at all 
quantiles. The impact of technical and academic versus vocational track in affecting 
proficiency is larger for boys. The achievement pressure coefficient presents the most 
dissimilar patterns between Figure 6 and 7, while the remaining coefficients show a similar 
tendency across quantiles. When we implement the tests for structural break, while the OLS 
based test strongly rejects the null of constant coefficients between genders, the QR based 
tests still reject the null but not so strongly, and its estimated values decrease at the upper 
quantiles. This is a case where OLS and QR tests do not really agree. With OLS gender is a 
major cause of break, and its impact would be comparable to the contribution of curricula. QR 




When we partition public from private schools the comparison is not too balanced, due to the 
relatively small number of private schools in the sample. Indeed while there are ng=4551 
public schools, there are only nh=230 private ones and many coefficients estimates have low t-
statistics, particularly in the quantile regressions. In the public schools achievement pressure 
is not significantly different from zero. In the private schools the technical track, the library 
facilities, the absenteeism coefficient are not statistically different from zero in all the QR 
equations. However the regional coefficient is significant and extremely low, actually it is the 
lowest value across all the tables, at the first, second and third quantile in the private school 
sub-sample. This shows that, at least up to the median, the poor performance of the southern 
regions and the poor quality of the private schools are closely connected. Figure 8 and 9 
present the patterns of the estimated coefficients across quantiles. All the graphs of the public 
sector present an opposite pattern when compared with the private school ones. Thus the same 
equation has an opposite behavior in the two sub-samples across quantiles, increasing across 
quantiles in the public subset while decreasing in the private subset and vice versa. However, 
on average, the opposite impact could balance. Indeed, Table 17 shows that the OLS based 
  9test for changing coefficients does not reject the null, while the QR based tests reject the null 
from the first quartile on. This contradicting result shows the validity of an analysis across 
quantiles, which in this case provides evidence of a break that cancels out at the mean. 
 
7. Achievement pressure 
 
The achievement pressure variable can be partitioned according to its negative or positive 
perception by students. This criterion divides the sample into, respectively, ni=1118 and 
nj=3672. The results are presented in Table 11 and 12 while the behavior of the coefficients in 
the two sub-samples over different quantiles is reported in Figure 10 and 11. For those who 
perceive negatively the teacher achievement pressure, absenteeism is small and not 
statistically different from zero throughout. The patterns in the graphs are not too similar in 
these two subsets and all the tests for structural break reject the null of stability, although not 
too strongly. Indeed the test assumes the smallest estimated values in Table 17. 
 
8. Library facilities 
 
The poor library facilities variable splits the sample into nm=3173 observations for libraries 
with very little or no lack of instructional materials, and nn=1642 observations for libraries 
with some or substantial lack of instructional materials. The estimated coefficients in the two 
sub-samples are in Table 13 and 14, while the graphs describing the QR estimates are in 
Figure 12 and 13. In the sample with poor library facilities the achievement pressure variable 
is small and not statistically different from zero at all quantiles, while the private school 
coefficient could not be computed in this sub-sample due to lack of observations. The patterns 
of the regional variable and of the academic track are not too dissimilar in the two samples. 
The tests reject the null of stability, more so at the first quantile, showing that poor library 
facilities affect more the low scoring students. 
 
  109. Absenteeism 
 
Finally we analyze students absenteeism. We split the sample into np=1664 cases of no or 
little absenteeism and nq=3176 observation for medium to high absenteeism. The results are in 
Table 15 and 16, while the graphs are in Figure 14 and 15. The score of students with 
medium-high absenteeism are not influenced by private schools and by teachers achievement 
pressure, and both variables are not statistically different from zero at all quantiles. The 
students with little absenteeism are characterized by a sizable reduction in the negative impact 
of the regional coefficient, while the opposite is found in the sub-sample of students with 
large absenteeism. This confirms that absenteeism is highly linked to the school performance 




This paper considers the productivity of the Italian school system as approximated by the 
scores of 15 years old students in a reading literacy test. Using quantile regressions we 
analyze the impact of the explanatory variables at more than one level of the dependent 
variable, and examine the presence of a structural break not only at the mean but also in the 
tails, i.e. not only for the average score students but also for the high and the low scoring 
ones, i.e. at different proficiency levels.  
The quantile regression analysis has lead to conflicting results with respect to OLS. 
For instance there is a case where OLS does not reject the null of constant coefficients while 
quantile regressions reject it at all but the first quantile. This occurs when scrutinizing the 
impact of public versus private schools on the score. In this case, at the mean (OLS), the 
divergence between restricted and unrestricted model cancels out, and we conclude that the 
school funding does not really make any difference in students scores. Away from the mean, 
we find that public and private sector have a different impact which is statistically significant, 
particularly so for the proficient students, and this shows how the analysis at the mean can 
overlook what occurs in the tails. 
Furthermore, when analyzing the impact of gender, the OLS test strongly rejects the 
null of constant coefficients while the quantile regression tests just reject it. The OLS results 
would signal a wide discrepancy in reading literacy linked to gender, which is a natural result. 
  11In the quantile regression analysis this is not the biggest source of gap, while there are other 
non-natural, but social and economical determinants of the gap which could be considerably 
modified by policy intervention. 
We find that the different impact of curricula on students performance is the major 
determinant of the changing coefficients effect, and this result is quite homogeneous, since it 
occurs with OLS and with quantile regression at each quantile. To uncover the second 
relevant component of the break is more controversial. The OLS analysis would select the 
gender variable while in the quantile regression analysis the gender gap is not that relevant, 
and is preceded by the regional variable. This is not a natural discrepancy, and a regional 
break leaves ample room for policy actions, if the goal is to reduce the gap. 
Our results show that the regional gap is linked, in turn, to the wide negative impact on 
the performance of southern students of absenteeism and private schools. In the regression for 
southern students the student absenteeism coefficient is the largest in absolute value 
throughout all the tables, and statistically different from zero, while in the north-centre this 
coefficient is not statistically significant. Curbing absenteeism or/and controlling the quality 
of private schools could help reducing the regional gap.  
When we analyze the discrepancy between public and private schools the negative 
impact of the regional coefficient is extremely strong in the private sub-sample, actually the 
strongest ever, from the first quantile up to the median. And this is true for the absenteeism 
coefficient in the private schools equation as well. Both results confirm the existence of a 
strong link between the low performance of southern students, the quality of private schools 
and absenteeism. Absenteeism can be interpreted to be linked to the labor market conditions, 
characterized by higher unemployment in the south.  
While it is current opinion that the regional gap is due to a widespread poor quality of 
southern schools, we find that the academic and the technical track have a larger impact on 
the score for the southern students, thus revealing their better quality. 
The wealth of information provided by quantile regressions and by the quantile 
regression based test for structural break can help defining the best strategy to pursue a 
specific target, that is to improve the score of low proficiency students, or else to enhance 
excellence in the best scoring students. The attempt to modify the lower scores would require 
a reduction in absenteeism, the improvement of southern infrastructures and of private 
schools. Excellence can be enhanced, for instance, by investing in the academic track. 
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are equal to the number of constraints. The denominator is the sum of squared residuals of the 
unconstrained model, adjusted by the degrees of freedom d2 given by the sample size minus 
the number of estimated coefficients.  
When we take into account quantile regressions, which do not require distributional 
assumptions, the objective function for the selected quantile θ is (Koenker and Bassett, 1978): 
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with  ρ being the check function  θ ρ (u)=u[θ -I(u<0)]. When  θ =0.5 the objective function 
simplifies into V(b(0.5))=  ∑ − b x y t t , which computes the median conditional regression, or 
the least absolute deviation (LAD). Furno (2007) considers a test for structural break based on 
quantile regressions as:  
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The numerator is the difference between constrained and unconstrained objective functions of 
the quantile regression, adjusted by the number of constraints. The denominator is the 
estimated quantile regression objective function for the unconstrained model, adjusted by its 
degrees of freedom. The results in Koenker and Bassett (1982) and in Koenker and Machado 
(1999) on the asymptotic distribution of the likelihood ratio test for quantile regressions and 
the consistency result of QR under known or estimated structural break, in Bai (1995), secure 
the   asymptotic distribution for C
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Table 1. Summary statistics of the selected variables 
north-centre
regions 













mean     509.65  .312  .464  .399  .334  .087  1.877  2.552 
st.dev.  85.32  .898 .498  .489 .472 .283      .943  .752 
sample  2845 2839 2833  2845 2845 2845  2810  2785 
southern  
regions 
mean  460.44  .451 .563  .389 .376 .018      2.098  2.938 
st.dev.  90.83    .799  .496  .488  .484  .133    .978  .808 
sample  2139        2131  2123  2139  2139  2139       2104  2104 
total    
mean  488.32      .372 .507  .395 .352 .0575 1.97  2.72 
st.dev.  91.07    .859  .499  .489  .478  .233    .964  .800 
sample  4984        4970  4956  4984  4984  4984  4914  4889 
 













-49.251  -47.990 -49.143 -50.055 -46.716 -50.720  south 
  (20.82) (7.26)  (15.25) (14.98) (13.17) (10.59) 
40.118  45.082 37.969 41.511 36.001 34.172  technical track 
 
(14.41) (4.86)  (8.84)  (9.37) (7.68) (5.45) 
104.377 123.245  100.713  97.906  97.400  98.036  academic track 
  (36.55) (13.15)  (23.24)  (21.26) (20.21) (15.47) 
-17.906  -13.674 -16.292 -20.146 -16.294 -14.956  male 
(8.06)  (1.82) (4.65) (5.45) (4.27) (3.19) 
-2.997  -5.703 -4.047 -4.754 -3.618 -0.574  achievement pressure 
(2.48)  (1.37) (2.02) (2.11) (1.64) (0.21) 
-26.840  -19.173 -20.895 -27.625 -29.140 -39.374  Private school 
(7.98)  (1.15) (2.73) (3.52) (3.76) (4.39) 
-7.075  -7.883 -7.728 -7.276 -4.816 -6.774  poor library 
(6.06)  (2.45) (4.83) (4.44) (2.80) (3.14) 
-6.993 -8.576 -10.558 -7.876  -7.210  -2.162  student absenteeism  
(4.97)  (1.54) (4.26) (3.07) (2.90) (0.74) 
500.436  401.056 467.803 509.149 548.695 580.736  constant 
(94.97) (21.92)  (55.73)  (59.09) (64.61) (53.69) 
observations  4781  4781 4781 4781 4781 4781 
Note: Student-t statistics in parenthesis. 
 



























































































































































































































































































































  2Table 3. Coefficients estimates in the north-centre regions 










30.410 30.929  26.645  28.671  31.898  27.373  technical track 
  (8.33) (2.45)  (5.29)  (4.39)  (4.38)  (3.17) 
92.392 108.645  85.854  79.901  90.460  90.689  academic track 
  (24.40) (8.89)  (17.10) (11.62)  (11.72) (10.36) 
-20.336 -19.344  -17.256  -24.794  -20.215  -14.785  male 
  (6.93) (1.96)  (4.10)  (4.40)  (3.28)  (2.31) 
-3.399 -5.009  -3.710  -4.766  -4.785  -0.747  achievement pressure
(2.24) (0.99)  (1.69)  (1.45)  (1.42)  (0.22) 
-22.680 -20.246  -13.362  -20.021  -29.422  -43.565  private school 
  (6.09) (1.37)  (2.02)  (2.27)  (3.14)  (4.57) 
-8.607 -9.091  -9.038  -8.921  -6.485  -8.958  poor library 
  (5.31) (2.07)  (4.85)  (3.62)  (2.36)  (2.95) 
-2.750 -1.341  -7.096  -5.344  -3.939  5.853  student absenteeism 
  (1.47) (0.20)  (2.40)  (1.38)  (1.02)  (1.54) 
500.891 397.503  469.480  517.881  548.474  573.260  constant 
  (71.73) (16.68)  (47.32)  (41.15)  (43.30)  (41.31) 
observations 2728  2728  2728  2728  2728  2728 
Table 4. Coefficients estimates in the southern regions 










59.804 57.662 67.597 65.243 53.851 54.332  technical track 
  (13.86) (6.75) (12.01) (9.09)  (7.66)  (7.59) 
121.420 127.183 131.290 123.276 113.106 115.572  academic track 
  (27.71) (16.71) (24.86) (17.32) (15.53) (15.68) 
-13.648  -10.457 -8.871 -14.642  -15.180  -15.177  male 
  (3.99) (1.76) (2.17) (2.70) (2.81) (2.89) 
-0.922 -1.458 -0.899 -2.127 0.433  0.827  achievement pressure
  (0.46) (0.38) (0.35) (0.65) (0.13) (0.26) 
-37.827 -44.419 -43.679 -48.471 -10.954 -39.927  private school 
  (2.29) (2.36) (2.97) (2.53) (0.57) (2.25) 
-6.182 -5.900 -6.075 -6.427 -3.132 -6.041  poor library 
  (3.71) (2.04) (2.96) (2.39) (1.18) (2.26) 
-14.093 -22.257 -12.327 -12.533 -11.706 -11.095  student absenteeism 
  (6.38) (5.70) (4.76) (3.56) (3.23) (2.95) 
452.701 378.375 390.406 448.632 495.309 537.064  constant 
  (52.81) (25.55) (39.42) (33.01) (35.24) (37.43) 
observations  2053 2053 2053 2053 2053 2053 


































































































































































































































































































































































































































































































































































































































  5Table 5. Coefficients estimates in the technical track 
 










-43.043 -41.531 -44.589 -43.438 -42.370 -51.808  south 
(10.79) (4.25) (7.48) (7.32) (10.15)  (10.80) 
-22.048 -28.050 -19.037 -28.100 -26.010  -7.850  male 
(5.92) (2.87) (3.18) (4.12) (5.15) (1.86) 
-4.934 -12.440  -5.275 -5.422 -5.234 -1.739  achievement pressure 
(2.63) (2.20) (1.39) (1.24) (2.28) (0.74) 
-19.134 -14.824 -7.906 -11.671 -35.552 -53.451  private school 
(2.96) (0.72) (0.56) (0.74) (3.30) (5.50) 
-8.517 -18.774  -10.437 -7.027 -4.152 -3.801  poor library 
(4.44) (3.95) (3.44) (2.22) (1.88) (1.62) 
-1.955  1.109  -4.385 -3.328 -2.890 3.585  student absenteeism 
(0.67) (0.16) (0.96) (0.72) (0.95) (1.11) 
530.155 447.197 491.393 538.221 577.588 592.031  constant 
(62.31) (21.90) (36.71) (38.88) (60.50) (60.53) 
observations 1866 1866 1866 1866 1866 1866 
 
Table 6. Coefficients estimates in the academic track   
 










-43.761 -49.036 -43.291 -40.763 -44.113 -42.346  south 
(12.31) (6.69) (11.48) (8.53)  (8.38)  (6.53) 
-0.755 9.718 3.529 2.965 -1.566  -14.694  male 
(0.22) (1.15) (0.80) (0.54) (0.28) (2.34) 
-4.204 -5.327 -3.780 -8.409 -3.111 0.546  achievement pressure 
(2.31) (1.36) (1.63) (2.76) (0.95) (0.15) 
-29.948 -30.624 -22.461 -26.689 -35.847 -38.610  private school 
(6.75) (2.06) (2.98) (2.81) (3.66) (3.38) 
-7.149 -5.855 -3.570 -7.126 -6.884 -9.656  poor library 
(3.92) (1.43) (1.79) (2.81) (2.61) (3.11) 
-4.267 -6.284 -5.198 -4.015 -4.863 -3.903  student absenteeism
(1.90) (1.37) (2.05) (1.20) (1.29) (0.82) 
591.415 508.681 539.211 587.356 637.698 684.350  constant 
(91.77) (32.07) (69.75) (61.28) (61.56) (59.97) 
observations  1754 1754 1754 1754 1754 1754   






































































































































































































































































































































































































































































































  8Table 7. Coefficients estimates for boys 










-50.521 -47.625  -50.241  -48.163 -46.692  -56.320  south 
(15.05)  (5.61)  (9.60) (10.39)  (10.45) (9.78) 
52.007  60.532 53.609 51.814  43.492 44.661  technical track 
(13.20) (5.48)  (8.13)  (8.71) (7.27)  (5.69) 
129.526  157.557 140.202 126.132  118.859 106.786  academic track 
(28.17) (12.69)  (17.63)  (17.37) (17.53)  (13.48) 
-0.125 -2.295  2.501  -2.369 -0.129  0.072  achievement pressure 
(0.07)  (0.44) (0.75) (0.71)  (0.05) (0.02) 
-26.689 -34.343  -18.899  -17.301 -28.873  -48.960  private school 
(4.87)  (1.64) (1.34) (1.38)  (2.67) (4.45) 
-4.695 -5.285  -4.215  -5.200 -3.118  -4.748  poor library 
(2.68)  (1.30) (1.58) (2.22)  (1.41) (1.79) 
-3.283 -7.479  -4.769  -2.061 -1.557  0.142  student absenteeism 
(1.45)  (1.18) (1.13) (0.54)  (0.46) (0.04) 
454.914  361.972 406.568 452.682  503.290 550.491  constant 
(55.04) (15.46)  (26.84)  (34.01) (41.52)  (40.13) 
observations  2324  2324 2324 2324  2324 2324 
Table 8. Coefficients estimates for girls 










-47.322 -44.188 -47.205 -49.250 -48.242 -50.732  south 
(14.12) (5.40) (15.52)  (10.65) (9.62)  (8.87) 
31.475 33.008 31.364 32.201 32.262 22.321  technical track 
(7.90) (2.69) (7.41) (4.93) (4.75) (2.87) 
87.205 96.708 85.565 76.621 85.180 87.007  academic track 
(23.84) (8.81) (22.80)  (13.27) (13.83) (12.40) 
-5.592 -6.827 -7.379 -7.642 -5.830 -2.159  achievement pressure 
(3.24) (1.49) (4.26) (2.70) (1.94) (0.66) 
-21.376  -9.441  -15.072 -20.607 -30.887 -29.364  private school 
(4.76) (0.56) (2.51) (2.07) (3.12) (2.82) 
-9.443  -12.463  -9.249 -8.692 -7.203 -9.431  poor library 
(6.01) (3.10) (6.17) (3.84) (3.07) (3.60) 
-8.617 -9.387 -7.702  -10.494  -9.524 -3.476  student absenteeism 
(4.62) (1.87) (4.10) (3.31) (3.02) (1.04) 
519.303 429.477 471.660 531.540 565.874 597.403  constant 
(76.37) (21.08) (66.15) (49.51) (53.00) (49.53) 
observations  2457 2457 2457 2457 2457 2457 
 







































































































































































































































































































































































































































































































































  11Table 9. Estimated coefficients in public schools 










-49.275 -48.057 -50.411 -49.094 -48.122 -51.035  south 
(21.32) (8.26) (11.14) (12.30)  (13.92)  (12.99) 
42.060 46.869 37.464 43.889 42.724 35.967  technical track 
(15.15) (5.59)  (6.15)  (8.24)  (9.27)  (6.88) 
107.873 125.667 106.682 103.080 101.543  98.394  academic track 
(36.98) (15.83) (18.11) (19.60) (22.34) (19.04) 
-0.908 -2.659 -2.130 -3.158 -0.904 2.288  achievement pressure 
(0.71) (0.72) (0.83) (1.40) (0.45) (0.97) 
-16.481 -10.037 -15.601 -21.754 -15.129  -9.429  male 
(7.21) (1.70) (3.48) (5.43) (4.36) (2.40) 
-8.060 -9.085 -8.625 -8.439 -6.202 -8.307  poor library 
(7.00) (3.26) (3.92) (4.38) (3.81) (4.77) 
-9.533 -12.489 -9.774  -9.259 -10.293 -6.925  student absenteeism 
(6.44) (3.50) (3.47) (3.67) (4.78) (2.93) 
506.216 410.781 464.640 512.404 555.581 591.872  constant 
(94.92) (28.89) (44.59) (56.75) (72.95) (69.35) 
observations  4551 4551 4551 4551 4551 4551 
Table 10. Estimated coefficients in private schools 










-69.867 -91.965 -83.685 -70.900 -34.909 -41.617  south 
(2.58) (3.16) (3.59) (4.02) (2.12) (1.32) 
-1.416 2.237  -30.963  -11.340  16.838  17.800  technical track 
(0.05) (0.04) (0.73) (0.35) (0.54) (0.36) 
40.881 5.829 26.093  48.280  53.546  56.160  academic track 
(2.32) (0.16) (0.99) (2.52) (3.21) (2.08) 
-12.532 -0.654  -9.085 -14.000  -11.370  -21.333  achievement pressure 
(2.80) (0.08) (1.04) (1.95) (2.13) (2.94) 
-30.726 -60.905 -19.913 -6.210  -32.958 -51.430  male 
(2.80) (2.92) (1.07) (0.36) (1.80) (3.09) 
26.172 46.267 35.627 14.840 10.213 43.150  poor library 
(1.92) (1.65) (1.66) (0.90) (0.67) (1.44) 
-8.646 -2.764  -27.666  -3.900 -1.570  -17.480  student absenteeism 
(0.59) (0.09) (1.11) (0.21) (0.09) (0.58) 
486.207 388.742 495.896 484.280 516.585 550.527  constant 
(14.32) (5.05)  (8.19) (10.84)  (13.16) (8.46) 
observations  230 230 230 230 230 230 
Figure 8: Estimated coefficients in public schools 



































































































































































































































































































































































































































































































































  14Table 11. Estimated coefficients for negative achievement pressure  










-51.811 -54.115  -52.267  -53.890 -48.860 -50.360  south 
(10.09) (7.25)  (5.81)  (13.27) (8.38)  (5.70) 
47.793 64.415  50.509  45.526 46.267 29.230  technical track 
(8.37) (5.94)  (4.27)  (9.00) (6.47) (2.97) 
117.150 141.638  121.746  114.562 102.297  97.850  academic track 
(19.46) (12.63)  (9.60) (21.88) (14.17)  (9.44) 
-17.544 4.309  -10.974  -31.674  -25.693  -30.980  private school 
(2.57) (0.34)  (0.52)  (3.91) (2.34) (1.77) 
-30.889 -24.526  -38.463  -34.020 -23.560 -27.200  male 
(6.51) (3.20)  (3.75)  (7.89) (3.95) (3.12) 
-13.042 -12.028  -12.542  -15.686 -10.933 -13.600  poor library 
(5.36) (3.34)  (2.88)  (7.97) (4.09) (3.55) 
-3.546 -6.586  -2.937 0.304 -5.893 0.880  student absenteeism 
(1.20) (1.47)  (0.38)  (0.11) (1.52) (0.16) 
502.683 394.336  454.813  503.430 556.867 595.800  constant 
(46.13) (19.06)  (18.01)  (52.33) (43.35) (31.41) 
observations  1118 1118  1118  1118 1118 1118 
Table 12. Estimated coefficients for positive achievement pressure  










-49.166 -46.800 -48.185  -49.460 -47.031 -54.340  south 
(18.48) (6.88) (13.29) (12.38)  (13.51) (9.30) 
37.803 37.400 34.150  39.020 35.068 38.930  technical track 
(11.90) (3.98)  (7.05)  (7.30)  (7.57)  (4.93) 
99.930 117.690 97.160  92.570  94.329  99.250  academic track 
(30.91) (12.95) (19.97)  (16.82) (19.77) (12.75) 
-30.599 -34.520 -26.485  -34.100 -32.851 -46.370  private school 
(7.92) (2.18) (2.93)  (3.60) (4.40) (4.39) 
-14.672 -11.770 -14.305  -14.850 -16.021 -11.360  male 
(5.84) (1.62) (3.62)  (3.36) (4.41) (1.97) 
-5.406 -6.310 -5.935  -5.010 -3.363 -3.880  poor library 
(4.07) (1.92) (3.32)  (2.56) (2.04) (1.46) 
-8.036 -7.140  -11.150 -9.720 -7.364 -3.600  student absenteeism 
(5.01) (1.44) (3.92)  (3.19) (3.00) (1.04) 
499.358 395.190 465.410  508.130 545.641 575.280  constant 
(83.09) (23.37) (49.25)  (49.09) (63.95) (42.65) 
observations  3672 3672 3672  3672 3672 3672 



























































































































































































































































































































































































































































































































  17Table 13. Estimated coefficients for no or little lack of library facilities 










-49.904 -44.049 -49.851 -51.824 -46.790 -52.344  south 
(16.75) (6.34) (15.73)  (10.80) (14.05) (8.85) 
42.381 52.614 41.763 40.608 33.758 31.576  technical track 
(11.81)  (5.51) (9.56) (5.92) (6.88) (3.36) 
101.216 118.229  94.251  94.742  93.000  96.331  academic track 
(26.95) (11.33) (19.11) (11.98) (16.69)  (9.58) 
-26.877 -23.563 -15.193 -25.442 -31.635 -46.231  private school 
(7.84) (1.77) (2.37) (2.64) (5.07) (4.90) 
-21.075 -25.956 -17.473 -22.152 -17.748 -21.505  male 
(7.81) (3.43) (4.89) (3.85) (4.60) (3.42) 
-3.945 -2.052 -5.055 -6.444 -5.916 -3.085  achievement pressure
(2.77) (0.49) (2.37) (1.81) (2.66) (0.87) 
-4.317 -0.475 -6.195 -6.076 -7.259 -0.333  student absenteeism 
(2.57) (0.09) (2.35) (1.53) (2.99) (0.09) 
486.934 372.508 448.046 498.575 546.466 576.980  constant 
(79.40) (22.21) (53.71) (38.48) (64.77) (40.14) 
observations  3173 3173 3173 3173 3173 3173 
 
Table 14. Estimated coefficients for some or great lack of library facilities 










-43.251 -32.769 -43.877 -43.418 -39.729 -47.344  south 
(10.63)  (3.24) (6.64) (6.24) (5.72) (6.05) 
42.647 46.278 46.620 48.006 45.755 37.273  technical track 
(9.37) (3.24) (5.40) (5.35) (5.30) (4.17) 
108.974 128.298 118.687 103.125 101.549  97.816  academic track 
(24.01) (9.58) (15.18)  (13.02) (13.78) (13.42) 
private school  dropped  dropped  dropped dropped dropped dropped 
-12.636 -5.800 -11.207  -20.222 -15.123 -12.403  male 
(3.18) (0.54) (1.64) (2.94) (2.30) (1.84) 
-0.349 -3.970 1.342 -0.160 -1.433 1.433  achievement pressure
(0.16) (0.61) (0.35) (0.04) (0.37) (0.35) 
-16.551 -30.854 -22.583 -14.742 -13.269  -6.716  student absenteeism 
(6.01) (4.67) (5.00) (3.04) (2.71) (1.40) 
492.825 420.524 455.256 492.942 537.690 562.847  constant 
(65.48) (18.31) (32.86) (34.28) (39.32) (44.54) 
observations  1643 1643 1643 1643 1643 1643 












































































































































































































































































































































































































































































































  20Table 15. Estimated coefficients for low students absenteeism 










-30.219  -26.782 -33.737 -29.062 -34.597  -31.965  south 
(7.09)  (3.49) (6.81) (5.23) (6.00)  (5.56) 
39.991  61.800 48.760 34.760 39.457  30.800  technical track 
(7.45)  (4.67) (6.29) (4.06) (4.73)  (4.33) 
96.157 117.480  97.035 82.599 96.280  95.357  academic track 
(19.16) (9.30)  (13.66)  (10.62)  (13.02)  (13.89) 
-29.021  -34.242 -15.303 -25.454 -43.110  -44.285  private school 
(6.83)  (3.07) (1.82) (2.69) (4.50)  (5.42) 
-14.887 -4.008  -10.076  -17.575  -18.543  -15.504  male 
(4.15)  (0.51) (1.81) (2.71) (2.65)  (2.82) 
-7.247 -11.016  -4.304 -9.012 -9.019  -3.755  achievement pressure
(3.82)  (2.52) (1.34) (2.12) (2.56)  (1.43) 
-4.118 4.070  -0.954  -6.522  -4.210  -7.090  poor library  
(2.11)  (1.21) (0.40) (2.30) (1.42)  (2.73) 
484.407  357.457 428.579 501.797 535.467  578.976  constant 
(70.08)  (24.11) (48.90) (50.52) (53.78)  (65.03) 
observations  1664  1664 1664 1664 1664  1664 
Table 16. Estimated coefficients for high students absenteeism 










-55.067  -51.471 -50.312 -56.350 -54.381  -63.337  south 
(19.43) (7.08)  (10.40)  (16.01)  (12.02)  (10.17) 
43.925  43.679 39.068 43.242 42.641  46.921  technical track 
(13.55) (4.75) (6.53) (9.92) (7.53)  (5.81) 
109.266  123.140 110.312 101.840  98.590  104.724  academic track 
(30.41)  (14.19) (18.22) (21.58) (15.41)  (12.08) 
-11.723 -12.445  -14.600 -1.419 -14.691 -20.034  private school 
(2.00)  (0.63) (1.01) (0.14) (1.14)  (1.27) 
-15.626  -20.983 -14.318 -17.612 -12.901  -14.234  male 
(5.53)  (2.87) (2.95) (4.80) (2.64)  (2.15) 
-0.517  -1.445 -3.516 -1.175 -1.808  0.397  achievement pressure
(0.34)  (0.32) (1.23) (0.57) (0.66)  (0.10) 
-9.870 -15.690  -13.096  -8.910 -6.800  -5.404  poor library  
(6.68)  (4.63) (5.49) (5.24) (3.15)  (1.88) 
479.609  392.437 439.560 483.322 525.934  567.245  constant 
(109.32) (38.91) (62.18) (86.96) (68.16)  (51.27) 
observations  3176  3176 3176 3176 3176  3176 






































































































































































































































































































































































































































































































































  23Table17: Values of the tests for structural breaks in the different sample splits 
 










region 61.03  24.10  32.18  29.30  28.77  35.95 
track  584.29 405.90 397.07 377.77 381.88 371.63 
gender  545.94  13.24 15.19 14.48 11.21  8.13 
achievement  pressure 4.66 5.44 3.78 3.41 2.23 2.31 
funds  0.23 1.10 3.99 3.47 3.51 6.74 
poor library facilities 10.00  10.13  7.93  5.05  3.52  5.66 
student  absenteeism  8.22 9.20 5.23 4.99 3.72 4.07 
 
     
 
  24